I am most grateful to Wellcome Reagents Limited and the Council for granting this award to me. I have not read the citation which my friends in the Midland Region submitted on my behalf, but my thanks are clearly due to them and to the very many colleagues who have helped and supported me during the time I have been associated with the hospital service. Now that I have recently retired from East Birmingham, it seems to me that this is a unique occasion to consider what experiences I have gleaned over nearly 40 years that I can usefully pass on. I am reminded by my wife that Janus, the God of the Doorway, had two heads, one was to look backwards, the other forward. This is now my position, and they say two heads are better than one! So what can I cull from past experience and recommend its application to the future? Inevitably it must be abbreviated.
Apart from being responsible for providing a routine service, my department has also been associated with several research activities. This has been helped considerably by my being privileged to have honorary appointments in the Departments of Biochemistry and Clinical Chemistry in the University of Birmingham. These research activities have been applied to liver, renal, and gastrointestinal problems. They have almost all been in collaboration with clinical colleagues. As an illustration of the value of this, I would like to take this opportunity to present to you my experiences in the investigation of methods for asessing intestinal function in patients presenting with clinical evidence of malabsorption. The results obtained have been gradually built in to what is now a routine systematic service for the investigation of malabsorption. As a result of this experience, I would like to conclude this lecture with what I believe should be the main objectives now of all clinical biochemists, to ensure their proper role in the National Health Service (NHS). research discussion on the subject of pancreatic lipase: consideration of the literature led me to question whether or not lipase hydrolysed triglycerides partially or completely. The problem did not appear to have been investigated. Subsequently, we were able to show that fats were indeed only partially hydrolysed in the small intestine-and that the product, together with bile salts, formed an excellent emulsifying system," Indeed, it is such a good system that, by mixing paraffin oil BP with an equal volume of olive oil triglyceride, one can achieve 60 %absorption of even this inert substance.P and paraffin can be found in the intestinal cells and in the carcass, though much is metabolised. The rats used in these experiments became known as diesel rats.
The second influential incident in those early days arose from my being given the opportunity to read a PhD thesis on the Estimation of Faecal Fat in Coeliac Disease. The author was none other than Dr JH van der Kamer of Utrecht. It is a great pleasure to record that his method for the estimation of faecal fats is now recognised as the method of choice in most hospital laboratories throughout the world. In 1952 we were able to confirm' the observation of Dicke, Weijers, and van der Karner" that wheat gluten is the toxic agent in coeliac disease, as measured by the effect on faecal fat of gluten withdrawal and reintroduction. One of the first children to be cured by wheat gluten withdrawal in the United Kingdom was at the Children's Hospital in Birmingham. ' We were able to demonstrate that wheat gluten was still toxic even after pepsin and trypsin digestion. However, when gluten is further incubated with intestinal extract it is no longer toxic;6 nor after deamidation with dilute acid. 7 We therefore proposed carrier proteins, enzymes such as the disaccharidases, and the resynthesis of triglycerides takes place here. All these processes require much energy, and a well-oxygenated blood supply is essential. Cell turnover is rapid. In the human it takes only two days for a new cell formed in the Crypt of Lieberkuhn to reach the tip of the villus where it is shed.P All these processes are illustrated in Fig. I , a diagrammatic representation of the intestinal epithelial cell and the processes involved in passage from the stomach to the blood via this cell.
This diagram helps us to appreciate the number of processes or rate-limiting steps that can affect absorption. In fact the progress of absorption from the stomach to portal blood or thoracic lymph involves 11 steps or processes.P each one of which in enteropathy may be rate-limiting. Clearly, stomach emptying time is important in the interpretation of an acute absorption test (see below). Solid meals empty more slowly than liquid ones.P The rate of emptying is a logarithmic function with time, emptying being most rapid at first. In the lumen, good digestion is clearly dependent on adequate mixing (good motility), a supply of enzymes from the pancreas, and bile salts from the liver. The site of action of these is probably within the glycocalyx at the surface of the microvilli. Within the microvillous structure the action of the intrinsic enzymes, lactase, the disaccharidases, and alkaline phosphatase, takes place. Many of the brush border enzymes are lost in coeliac disease but cellular enzymes such as Iymphllow that the defect in coeliac disease (gluten-induced enteropathy) was an intestinal cellular enzyme deficiency. Although still not proven, it is a hypothesis that remains possible to this day. Though the action ofgluten may have immunological overtones," it still could be primarily an enzyme defect. The chances are high that it is related to a prolyl-glutamine peptide as these two amino acids occur in this protein in much higher concentration than any other protein, and, as mentioned, the toxic effect is abolished by deamidation.
Having been privileged to take part in such fundamental observations, my subsequent interest in clinical chemistry and in gastroenterology was almost inevitable. These and further studies have led me to a point where I can offer what I think is an effective approach to the investigation of a patient presenting with the symptoms of malabsorption in the 1980s. However, I think consideration of the assessment of malabsorption is presented more clearly against a background of the normal physiology and biochemistry of the process of absorption. So we must briefly consider this first.
Normalabsorption
The absorptive process may be considered to have three phases. Firstly, tissues in the diet need to be digested and large polymers broken down by hydrolysis by enzymes from the pancreas. Certain substances need to be in their reduced form for absorption to take place, for example, ferric ions need to be converted to ferrous. So, a reducing environment is therefore necessary provided to some extent by ascorbic acid from the gastric juice.P The intestine attempts to absorb most substances with little control even to toxic levels. The exceptions would appear to be calcium, iron, and B n .The latter requires a glycoprotein from the stomach for absorption to take place in the ileum, and the two former require a carrier protein synthesised in the intestinal cell. Sometimes this control appears to be lost as in calcium absorption in stone formers or sarcoidosisl" and iron in haemachromatosis.
Secondly, as most absorption takes place in the upper small bowel. the integrity of this portion of the bowel is vital to good absorption. Similar sentiments may be expressed over the absorption of bile salts and B n preferentially in the ileum, and, though to a limited extent, water and salt absorption from the large bowel. So methods need to be directed towards assessing the integrity of the bowel and, where possible, identifying the area of malabsorption.
Thirdly, the intestinal epethelial cell is the site of much anabolic activity. For instance, formation of Classification of intestinal enteropathy Here we must distinguish between short-lived tests measured in hours, which assess only the ability to absorb, and those that measure the total absorptive enterokinase are unaffected, and fat absorption is only partially suppressed (80 %absorption compared with a normal 95 %).
Finally, passage out of the cell via the blood or lymph is dependent on adequate flow. Blood flow is 20 times more rapid than lymph flow so watersoluble substances will appear in the blood more quickly than fat-soluble ones despite the fact that they must make a first pass through the liver. Lymph flow can be independently affected, as in Whipple's disease, where for instance, blockage by macrophages can cause a profound steatorrhoea.
This brief excursion into the normal intestinal cellular function gives us a good hasis from which to consider intestinal enteropathy. 
Additional investigations
Intubation (for enzymes, bile salts) Biopsy (for structure, enzymes) Urine indican (bacterial degradation of tryptophan) Gastrointestinal hormones (in the serum) capacity of the intestine. This property can be assessed only over a long period of many days or even weeks. From this list I would like to look more closely at xylose, iron, and fat as tests of ability, and faecal analysis as a measure of capacity.
ts-Xylose
This pentose sugar was first used intravenously as a measure of renal function-" and was used orally as an indicator of intestinal malabsorption by Helmer and Foutes in 1937. 16 In structure it is very similar to glucose except that glucose has an extra CH 20H in position 6. So it follows a similar absorption pathway to glucose. Only the D form is adequately absorbed in contrast to the L-amino acids. After a 5 g dose the peak serum level in adults is normally greater than O'65 mmol/l at 1 hour and gives the best separation between normals and abnormals when calculated to a surface area of 1.73 m 2 • 1 7 This manoeuvre has the additional advantage of avoiding the need to change the dose when there is a change in body weight or height. In early childhood, the normal peak serum level is greater than l' 35 mmol/l but falls progressively to adult levels when the body weight exceeds 40 kg. 18 The test helps one to follow the effects of treatment, for example, the recovery demonstrable in the removal of gluten in a coeliac patient-? or the relapse shown in a patient with cow's milk sensitivity.IS Recovery from gluten-induced enteropathy, which affects primarily the upper part of the small bowel, may take weeks and months, so the xylose blood absorption test is a most useful guide to recovery as it can be used in an outpatient clinic. It may be estimated in the blood by an automated sugar method after the destruction of the glucose by glucose oxidase.
Iron
Anaemia is a common presenting feature in malabsorption in adults and children, and absorption of all the haemopoetic factors such as folic acid, B u , About 60 diseases have been described':' which involve one or more of the processes outlined in these three phases of absorption. They can be conveniently classified into six categories ( Table 1 ).
The first category is, strictly speaking, not one of malabsorption but frequently presents as such. However, a dietary deficiency may be suspected from the case history and expecially when coupled with the preliminary biochemical and haematological findings when the patient is first admitted. It should certainly be suspected in the elderly living alone, the very young, and in certain ethnic groups and vegetarians or vegans. As this deficiency is not malabsorption but malnutrition, confirmation will be obtained by supplying the deficiency, and further investigations may not be necessary.
Anyone of categories II to VI can give rise to malabsorption. First of all one needs to prove that malabsorption is present. Investigations will reveal whether it is general or specific, the site and extent, and, hopefully, the cause. This information will help to identify the category and suggest the initial line of treatment. The methods of study I have found most helpful are listed in Table 2.   VI   I  II  III  IV  V and iron may need to be investigated. Iron deficiency may be due to bleeding or malabsorption, or may be a nutritional deficiency.
In children, iron deficiency may be nutritional due to prolonged milk feeding. Failure to respond to a simple oral iron preparation will help to answer the question 'Is this deficiency due to malabsorption l' After an oral dose of 100 mg freshly prepared ferrous sulphate in water, blood levels are measured over a 3-hour period. 20 21 This test shows whether ferrous sulphate can be absorbed; it does not therefore say if the patient can absorb dietary iron and it gives no indication of body iron stores or iron utilisation after absorption.
If the serum iron is below 9 fLmol/1 then, if there is rio enteropathy, the blood level will reach the normal range (14-28 fLmol) in 1 to 3 hours (Fig. 2 , patients GG and GM). Occasionally, this may be exceeded (EN). The peak increase should exceed 14 mmol/l, It will be less in subjects with a normal serum iron (FW). The test occupies only a short interval of time so diurnal variation would affect the result only slightly. When no absorption occurs, a diurnal variation is not apparent (GB). In a recent study22 of elderly patients, malabsorption of inorganic iron was demonstrated in 11 out of 30 iron-deficient patients. In six of these, there was no other evidence of malabsorption. In certain subjects a depressed xylose absorption may improve on iron therapy only16 (Table 3 ). After administration of this mixture if there is no enteropathy a good absorption should occur (Fig. 3 ). The peak value, five to 10 times the fasting level, is from 2 to 4 hours, so several samples of blood need to be taken. These examples of absorptive ability do not show how much could be absorbed. Xylose is a substance which seems to measure, in a general way, the functioning ability of the small bowel. The other twomay demonstrate a specific defect and serve their
Fat
The ability to absorb fat as an acute test can be measured by a turbidity appearing in the blood serum. It may be measured by one of several purpose best as an all or none reaction. They are, therefore, a most useful guide to treatment.
Faecal analyses
Although gain in weight is a good indication that absorption is taking place, absorptive capacity can be adequately measured only by whole body counting or, more readily, by faecal analyses provided the dietary intake is known. Ideally, of course, a full balance study should be undertaken by measuring dietary intake and urine and faecal analyses. For this study a purpose-built metabolic ward is best, but much information can be obtained on the general ward provided care is taken in the collection of specimens. Much useful information can be obtained from faecal analyses alone provided a reasonable ward diet is being taken. The diet should contain at least 70 g (240 mmol) fat and 70 g protein. In general, markers are not recommended as very accurate daily doses are required which only adds to the burden. The simplest procedure is to collect the stools for four to five days. Much information can be gleaned from faecal appearance such as consistency, colour, and odour. The most important analyses are longand short-chain fatty acids and nitrogen. The results 5 from two patients are given in Tables 4 and 5 . The first is given as it is an example of a commonly occurring feature with subjective evidence of a frequent loose motion. However, the faecal fat and short-chain acids on average are normal with abnormality on one day only. The only slight abnormality is an increase in volume, indicating a patient with large intestinal hurry but no small intestinal malabsorption.
The second patient (Table 4) clearly has a frank steatorrhoea and azotorrhoea. The stool is formed but pale. The patient probably has pancreatic insufficiency, and intubation would be recommended.
Short-chain acids consist of the volatile acids, acetic, butyric, and proprionic, so called because they distil in steam, and lactic acid. They are important indicators of carbohydrate malabsorption in the small bowel and subsequent fermentation in the large bowel. They often show a marked increase in ulcerative colitis, and the osmotically induced stool volume is much reduced by their withdrawal from the diet. 24
Faecal fats are normally much more saturated than dietary fats ..Unsaturated fats such as corn oil or olive oil are absorbed much better than saturated ones such as are found in mutton or pork fats,25 and Fig.4 Effect ofdietary fat on faecal fat, dietary history. This is an application of the art of medicine. However, when it comes to laboratory investigation the study becomes a collaboration with many people. Personal relationships are not lost, indeed they are forged, but the results are scientific data to be interpreted in the light of the presenting original clinical picture. The subject may be encompassed entirely in the dictum of that great physiologist Claude Bernard 'Art is I but Science is we'. In this lecture I have tried to illustrate two things: firstly, that a reasonable grasp of the fundamental biochemistry, physiology, and structure of an organ gives a deeper understanding of the methods of assessment of its function; and, secondly, that one should never be satisfied but always looking for improved, more discriminating methods to distinguish the abnormal from the normal.
Clinical chemistry as a whole, apart from gastroenterology, is a dynamic subject whose theme must always be a policy of improvement. There should always be an enthusiasm to present something new scientifically. I think it is wrong always to be dependent on interesting cases.
Looking then, with the other head, to the future, it seems to me that two objectives are essential to sustain a worthwhile clinical chemistry service. 1 To maintain a high scientific standard. This can be achieved by the practice of three activities: reading, research, and teaching. To this end, I have found that a formal link with a university has been most helpful to me and I hope to my department. Consequently, I think, ideally, it would be to the advantage of all clinical chemistry departments to liaise with a university department and, if possible, to have a formal link so that research projects can be shared and supported. To qualify for this, it should not be necessary for the hospital to have a teaching designation. 2 An appreciation of clinical problems through constant communication with clinical colleagues. In this respect, it has been a considerable advantage to me, in the study of gastroenterological problems, to have an administrative link with the metabolic unit laboratory, one of whose functions is the study of gastrointestinal disease. It has certainly helped to break down barriers between the ward and the laboratory, so perhaps this concept could be developed in other areas of the hospital. I am most pleased that our Association portrays in its emblem this concept of collaboration: we see the serpent of Aesculapius, the father of Medicine, the chemist's distillation retort, and the Torch of Knowledge, the light from which we all share.
Maize oit tr1d pancraratin 7C
DiP! tat JO feeding a regime of corn oil can considerably reduce a frank steatorrhoea (Fig. 4) .
Provided the patient is taking a reasonable diet, then faecal analyses are a sure and safe guide to malabsorption. In terms of patient benefit, therefore, I think they are worth the extra trouble.
There are so many facets to the investigation of malabsorption that this must, be a very limited contribution. However, this investigation is, in my experience, a systematic process consisting of the following steps:
1 A preliminary biochemical and haematological assessment of the nutritional and metabolic status of the patient. This profile would include evidence of renal and liver function as these organs may have a bearing on the presenting malfunction of the small intestine, for example, the formation of vitamin D metabolites in the kidney and the formation of bile salts in the liver. An acute phase reaction serum protein such as orosomucoid is also useful as an indicator of an intestinal inflammatory process, especially in the distal small intestine or large bowel. 2 Acute absorption tests to assess the integrity and absorptive ability ofthe small bowel. 3 Faecal excretion analyses on a known or controlled diet. 4 Intubation and biopsy for enzyme studies in jejunal juice and intestinal tissue. Gastroenterology is an excellent example of the application of art and science to medical care. The approach of a clinician to a patient suffering from malabsorption is a personal one, requiring inter alia a detailed history of environmental circumstances and
